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EXPERIMENTS  ON  THE  APPLICATION  OF  THE  ROENT- 
GEN  RAYS  TO  THE  STUDY  OF  ANATOMY.* 
BY  ERNEST  AMORY  CODMAN,  M.D.,  Boston. 
PLATES  XXIX-XXXVI. 
The field of gross anatomy has been so well covered in the last cen- 
tury, and the dissecting knife and the method of frozen sections have 
enabled the anatomist to see so much of the internal structure of the 
body, that little has been left in this direction to the province of the 
Roentgen ray. 
This  does  not  apply,  however,  to  pathological  conditions  of  the 
bone in  the  living,  for  there the X-ray can  do  what the  knife  and 
frozen  section  cannot.  For  this  reason  it  is  important  to  have  a 
knowledge of the normal X-ray anatomy of the bones, for the X:ray 
picture differs both from the photograph of the bare bones and from 
the frozen section,  as it shows  outline, internal structure and differ- 
ences in  density.  The series +  of skiagraphs  which I  have taken  of 
the normal joints hate their chief value from this  point  of view, as 
they show what may be  considered the normal X-ray anatomy. 
The skiagraphs accompanying this  article were all taken from the 
cadaver (most of them from the same subject) by using a focus tube 
stimulated with a  seven-inch spark induction coil.  The current was 
about  fifteen amperes,  with  a  pressure  of four volts in  the primary 
coil.  The break used was between copper surfaces immersed in dis- 
tilled water. 
In  looking at  skiagraphs  there  are several distortions  and  inaccu- 
racies which must be borne in mind.  One essential for a good skia- 
graph is an accurately focussed tube.  The cathode rays are focussed 
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by a concave aluminum  electrode on the centre of a disc of platinum 
or  the  anode.  The  point where  the  stream  of  cathode  rays  strikes 
is  the  point  from  which  the  X-rays  are  generated.  That  this  point 
should be as small as possible is important,  in order that no penumbra 
should  be formed.  I  have been  fortunate in  this  series in  having  a 
tube  in  which  this  point  was  small,  hence  the  outlines  are  sharply 
defined. 
We  may consider,  then,  that  the  X-rays  proceed from  practically 
a  single  point.  In  looking  at  a  skiagraph  we must  consider  it  as  a 
complete whole, made up of the shadows of the different parts  of tile 
object.  The  size and  shape of the  shadow of each part  will  depend 
on the relations  of tile distances between the  point of light,  the  part 
of the  object,  and  the  plate.  Thus  the  dis{ante  between the  light 
and  the  plate  remaining  the same,  the  farther  an  object is from the 
plate the larger will be its shadow; and  the farther an object, or part 
of an object, from the base of the perpendicular from the point of light 
to the plane of the plate the more will its shadow be distorted, the dis- 
tortion  being  due  to  elongation  in  the  direction  of  a  llne  from  the 
base of the perpendicular  through  the object. 
When  the  object is  at  the  same  time  away  from  the  plate  and 
away  from  tile  base  of  the  perpendicular,  both  of these  distortions 
will take place.  Further,  since each object or part  of an object con- 
tains  only a certain amount  of shadow-casting material,  the farther  it 
is from the plate  the greater will be the  size  and the less the density 
o.f the shadow. 
An  important  corollary  follows  from  this.  A  picture  of  a  less 
dense object may be taken through a more dense, e. g. the ear thro.ugh 
the  skull.  This  can  be done  when  the  densities  of the  two objects 
are not greatly  contrasted;  but when  one  object is so dense  as to be 
practically  impenetrable  to the  rays,  its shadow  will  of course  oblit- 
erate tile shadows of anything either in front of or behind it.  This is 
generally true of metallie objects. 
Another source  of inaccuracy  of these pictures is the fact that  the 
rays  in  penetrating  large  objects  are  more  or  less  diffused.  This 
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distance from the plate.  It may also assist  in making more distinct 
the objects in  direct contact with the plate;  for instance, in  the pic- 
ture  of the  ear taken  through the skull,  the diffused rays from the 
other parts of the head may help to take the picture of the ear, because 
they blur all those parts of the plate which are not protected by the 
ear, which comes in close contact with the wrapper. 
It  ~411 be  seen from the  foregoing that  in  order to  reduce these 
inaccuracies to  a  minimum the  distance from the  plate  to  the  tube 
should be  as  great as possible,  and that from the object to  the plate 
as short as possible.  The distance, therefore, must be gauged by the 
intensity  of  the  rays  and  convenient  time  of  exposure.  We  must 
also remember that the wider the object, or the deeper the object, the 
greater must  be  the  distance between the plate  and  the  tube.  For 
instance, the skiagraph of a hand at ten inches is very little distorted, 
while that of two hands side by side would be considerably distorted, 
beeat~se the rays would strike the outer fingers at more acute angles. 
A  knee at ten inches, though little wider than a  hand,  would yet 
be  considerably distorted,  for  it  is  so  thick  that  the  parts  furthest 
from the plate would be much enlarged; the external condyle of the 
femur (the knee being on the inner side, for instance'  would appear 
much larger than the internal (Fig.  1). 
FIG. l.  FIG. 2.  FIG. 3. 
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In order to reduce these distortions to a minimum the tube should 
be put as far away as is possible with a  convenient time of exposure. 
On the  other hand,  however, advantage can be  taken of this  dis- 
tortion in taking a  photograph of the patella.  If the plate is put to 
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be hardly, if at all,  distinguishable.  This would be true  also  if the 
plate were on the anterior side and the light far away, for the shadows 
of the femur would be dense enough to overshadow that of the patella. 
If, however, the plate be on the anterior side and the tube very near 
the posterior (Fig. 2) the shadow of the femur will be broadened and 
diminished in density, so that the shadow of the patella, which is but 
little magnified and as dense as before, will be seen through it. 
The use  of the fluoroscope is  a  practical way of determining the 
intensity of the rays.  In determining the distance we must remember 
that  the intensity of the light  varies inversely as  the square of the 
distance.  In  determining the  time  we  can  calculate that  what  we 
lose  by  doubling  the  distance we  gain  by  multipl~ng  the  time  of 
exposure by four. 
THE  STUDY  OF  THE  I~I~(~HANISI~¢[  OF  TIt]~  ,JOINTS. 
This has been undertaken in two ways.  First, by skiagraphing the 
normal joints in  their forced extreme positions,  extreme flexion,  ad- 
duction, etc.  Secondly, by watching the movements with the fluoro- 
scope.  As  the parts  of the  object near  the plate  show best,  it  has 
been necessary to take each position from both sides. 
One thing which will at once arrest attention is the great distance 
that apparently intervenes between the bones.  This is in part due to 
the  fact that. the articular  cartilages,  being  easily traversed by  the 
rays, do not cast a  shadow.  The  accompanying skiagraphs  of hands 
(Plates XXIX-XXXIV)  were exposed at a  distance of about twelve 
inches for 3 to 5 minutes. 
The wrist joint has proved most interesting in  this study, and the 
points brought out will be found in the following description: 
For convenience we may consider the wrist joint to be made up  of 
four immobile and two mobile elements. 
I.  Immobile (i. e.  those made up  of single bones or of a group of 
bones,  the  components  of  which  cannot  change  relative  positions). 
These are: 
1.  l%[etacarpal of thumb. 
2.  Metacarpal of ring finger. Ernest  Amory Codman  387 
3.  Metacarpal of little finger. 
4:  ~[etacarpal of index and middle finger with trapezium, trapezoid, 
os magnum, and unciform. 
This  last  group  are  so  firmly attached  to  one  another  that  they 
move as a whole, practically as one bone.  No doubt, however, their 
ligamentous attachments allow of more or less spring in strained posi- 
tions of the hand brought about by external force. 
II.  Mobile (the components of which change relative positions). 
1.  The  intermediate row  of  carpal  bones  composed  of  scaphoid, 
semilunar, cuneiform and pisiform. 
2.  Radius and ulna. 
From  the skiagraphs  it  is  found  that  the  carpus  and  metacarpus 
are, in any of the extreme positions, in practically the same relation 
to the radius,  no matter what the relation of the radius to  the ulna,, 
whether pronation  or  supination.  This  is  due to  the  more  or  less 
flexible  fibro-cartilage, which in  any  position  completes the  cup  of 
the radial joint.  The question of mechanism, then, is further simpli- 
fied by leaving out the ulna, which really does not enter into the con- 
struction  of  the  joint  except  as  a  pivot.  The  pisiform  also  does 
not  enter the mechanism, serving  only as  a  sesamoid for  the ulnar 
tendons. 
Proceeding to eliminate other accessory elements, we can disregard 
the metacarpals of the thumb, ring and index fingers, each of which 
moves  independently  on  the  large  fixed  element  composed  of  the 
os  magnum, etc.  The thumb forms a  typical saddle joint with  the 
trapezium,  with  the  pommels  of  the  saddle  so  low  that  motion  is 
allowed in a small circle, either as rotation within the circumference 
or straight motions on any of the radii.  The metacarpal of, the ring 
finger is  allowed  a  slight  antero-posterior motion  of  a  few degrees. 
That  of  the  little  finger  the same  of  slightly  greater  extent,  with 
possibly a degree of adduction.  This leaves us with: 
I.  The large compound fixed element of os magnum, etc. 
II.  The radius with fibre-cartilage. 
III.  The  intermediate element of scaphoid,  semilunar  and  cunei- 
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These constitute the real wrist joint, and their movements are  very 
beautiful (Figs. 5 and 6). 
The joint may be compared to a ball-bearing with the balls irregular 
and  allowing  only  limited  motions.  It  must  be  remembered,  too, 
that  there  is  no  real separation  of the  component parts,  for besides 
the ligaments tending to bind them together there is the atmospheric 
pressure which closes  down the capsules  and ligsments as  each bone 
is drawn along another. 
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Starting from the straight position in antero-posterior view we put 
the joint in adduetion (ef. Plates XXIX and XXX).  The radius re- 
maining fixed, the mobile intermediate row may move as a whole on 
the  radius.  This  does  happen  to  the extent seen  in the skiagraphs. 
In the meanwhile the os magnum, etc., move on the intermediate row. 
This motion would be very slight in extent, since the outer side of the 
head of the os magnum comes  against the lower end of the seaphoid, 
were it not for the fact that the mobile row is straightened out both 
by the pressure of the uneiform on the cuneiform and of the magnum 
on the seaphoid (Plate XXX).  The lower end of the seaphoid is also 
pulled  down  by  the  trapezium,  so  that it is  extended.  In  fae  b  all 
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flexed.  This  Dr.  Dwight  has  beautifully  shown  by  driving  a  long 
pin into each bone and watching the ends of the pins while manipulat- 
ing the joint. 
The  os magnum  element  is  also  slightly  flexed  in  adduetion  and 
extended in  abduction  to  compensate  for  the  opposite movements  in 
the intermediate  row. 
In the same way the movements of flexion and extension are almost 
equally di~ided  between the  raclio-earpal  and  interearpal  joint  (Figs. 
5  and  6  and  Plates  XXXII,  XXXIII,  XXXIV).  The  semilunar 
may be taken as the type of the interearpal row and will be observed in 
the radiographs  to tilt through  an angle of about 90%  In like man- 
ner the  os magnum  tilts  on it  as it moves through  an  angle  of  90 °, 
giving to the whole joint its range of nearly 180 ° between the extreme 
positions. 
This  comparatively simple  view of  this  beautiful  mechanism  is,  I 
think,  an  accurate  one,  and  the  points  are  well  confirmed  by  the 
anatomical specimens. 
The chief value of the radiographs of the other joints is in forming 
a  series  for  comparison  with  pathological  conditions.  The  necessity 
for training  in interpreting  skiagraphs  is evident from the  foregoing 
description  of the  distortions  of these pictures,  so that  an idea  of the 
normal X-ray anatomy is necessary for an intelligent interpretation  of 
abnormal  or  diseased  conditions  of  the  bones.  The  skiagraphs  of 
the  troehlear  surface of the  elbow joints form  a  good illustration  of 
this,  as it requires  considerable  study of the skiagraphs  of the  elbow 
taken  from  the  side to  enable  one  to  make  out  the  position  of  the 
bones. 
The skiagraphs  of the bones of the foot (lid not prove as interesting 
as I  had  expected, for the relative position of the bones of the tarsus 
remains  almost the same in plantar  as in dorsal flexion.  ZIost of the 
motion takes place between the  astragahs  and tibia,  while  there is  a 
slight general motion between the other bones which is pretty equally 
divided. 
5Iany of these skiagraphs are doubly interesting~ as they were taken 
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starch  and  a  red mercuric  salt for  coloring.  The  mercuric  salt  (red 
oxide)  being  more  or  less  opaque  to  the  rays,  renders  the  arteries 
visible.  The  study  of the  arteries  in  this  way has  much  the  same 
advantages  as  those  given  by  corrosions  for  the  general  grouping, 
regional distribution  and relation  to the bones (Plate XXXV).  The 
smaller  branches  can  be seen in  a  way impossible in  dissection. 
Other  skiagraphs  were  also  taken  with  metallic  mercury  injected 
into  the  joint  capsules.  Metallic  mercury  was  fo.und  difficult  to 
handle,  expensive,  and  not  capable  of  an  even  distribution  in  the 
cavities on  account  of its own  cohesive tendency.  A  satnrated  solu- 
tion  of  plumbic  nitrate  was  therefore  used  instead  and  was  found 
cheaper and more satisfactory. 
I  have spoken of the  distortion  of Roentgen-ray pictures,  and par- 
ticular]y  the  fact that  the  parts  of  an  object at  a  distance  from  the 
pla~e have their shadows magnified.  Curiously enough this distortion 
can be very nearly corrected by the use of the stereoscope.  Two skia- 
graphs  may be taken  of an  object which,  when placed in the  stereo- 
scope, will give one picture of that object, which will have the appear- 
ance of solidity (Plate  XXXVI).  To take stereoscopic pictures two 
exposures  are  made  with  the  plate  and  object  in  exactly  the  same 
relation to each other, but with the light in a slightly altered position 
in relation  to both.  This should be done by moving the tube to the 
right  or  left  a  distance  corresponding  to  the  normM  space  between 
the  eyes or  a  little  less,  after taking  the  first  skiagraph  in  the  usual 
position.  At the same time a new plate is substituted for the old one, 
care being taken to put it in exactly the same place. 
In  the  stereoscopic pictures  the  skiagraphs  were  reduced  to  small 
"transparencies"  and  printed  so as  to  make  the  bones  and  arteries 
appear  white  for greater  effect.  With  a  given  pair  of these  stereo- 
scopic pictures by transposing  the prints  in the stereoscope, i. e.  plac- 
ing  them  as (1-2)  or  ('2-1),  we can  look at  the  object as if from be- 
hind  or  from  before.  For  instance,  in  such  skiagraphs  as  those  of 
a  hand we seem to look at  either the palmar view or the dorsal,  that 
is,  the palmar arch will appear in front or behind the bone according 
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Now since the parts  of the object farthest from the plate  are en- 
larged,  the  best  arrangement will  be  that  which in  the  stereoscope 
will make us seem to look at the enlarged or near side of the object. 
The  enlargement will  then be  that  which would  naturally  exist  on 
the retina in looking at the object from the side away from the plat  e. 
Thus the distortion is in  part corrected.  The criticism of these pic- 
tures, however, may justly be made that the parts of the object which 
show the clearest and with most detail are those which appear farthest 
off  in  the  stereoscope.  This  of  course  is  contrary  to  the  simple 
optical  effect.  It is,  however, not noticeable  except in  stereoscopic 
pictures of deep objects. 
DES(3RIPTIOI%[ OF  PLATES  XXIX--XXXVL 
PLATE XXIX. 
Wrist  in  straight  position,  l~otice  relation  of  scaphoid  and  semilunar  to 
radius  and  compare  Plates  XXX  and  XXXI. 
PLATE  XXX. 
Wrist  in  adduction.  Notice  leverage  of  head  of  os  magnum  on  scaphoid 
and  fulcrum  between  cuneiform  and  unciform.  By  this  leverage  the  curve 
of  the  intermediate  row  is  straightened  out  and  becomes  the  are  of  a 
larger  circle.  Cf.  relations  in  Plate  XXXI. 
PLATE XXXI. 
Wrist  in  abduction.  Seaphoid  is  flexed  and  hence  seems  shorter  than  in 
Plate  XXX,  os magnum  approaches  seaphoid  and  the  intermediate  row  be- 
comes  arc  of  a  smaller  circle. 
PLATES XXXII, XXXIII  AND XXXlV. 
Wrist in straight position  (Plate XXXll), extension (Plate XXXlll), and 
flexion (Plate EXXIV),  as seen from side. The os magnum  and semilunar 
show more clearly than the other bones, and may be taken as types of the 
two  rows.  By  comparison  of  the  three  figures  the  division  of  the  motion 
between  the  radio-carpal  and  intercarpal  joint  will  be  observed. 
PLATE  XXXV. 
Adult  male  pelvis  with  arterial  injection.  There  is a  sound  in  the  bladder 
and  a  scalpel under  the left  side  of the  cadaver.  Reduced  from  18 x  24  in. 
PLATE XXXVI. 
Stereoscopic  views  of  hand  with  arterial  injection.  To  obtain  the  solid 
effect  one  must  look  at  the  pictures  cross-eyed,  or  with  a  stereoscope,  hav- 
ing  cut  them  out  and  transposed  them. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE,  VOL.  III,  PLATE  XXIX. 
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